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Materials and Methods
Subjects
From August 2010 to July 2012, November 2012 to October 2013, and December 2014 to November 2015, patients with bipolar mania and healthy controls were evaluated according to the DSM-IV criteria using a semi-structured interview [32] . Healthy controls were evaluated with the Chinese Health Questionnaire-12 [33] . Approval was obtained from the ethics committee of the Institutional Review Board of Chang Gung Memorial Hospital. All participants had the ability to provide written informed consent. All assessments were conducted by the same senior psychiatrist. Patients with bipolar mania who scored over 26 on the Young Mania Rating Scale (YMRS) [34] were recruited into this study. The severity of YMRS was assessed again after four weeks of medical treatment.
Mood stabilizers of either lithium (dose range, 900-1200 mg/d) or valproaic acid (dose range, 600-1500 mg/d) were prescribed during hospitalization. The antipsychotic drugs including risperidone (1-4 mg/d), olanzapine (5-15 mg/d), or clozapine (50-300 mg/d), as well as other psychotropic agents (i.e., lorazepam, 0-3 mg/d) were also prescribed along with the aforementioned mood stabilizers. The patients had not taken any drugs for at least 2 weeks prior to the recruitment of the study, nor were they heavy smokers or alcohol dependent. No participants exhibited systemic diseases, such as cardiovascular disease, liver disease, or thyroid disease.
Assessing BDNF protein, mRNA, and DNA methylation
To analyze BDNF protein, mRNA, and DNA methylation levels in all participants at baseline, 15 mL of venous blood was obtained from each participant. Patients with bipolar mania were examined for biological markers after four weeks of medical treatment. Some of the data on BDNF protein and mRNA levels of some patients had previously been published in a preliminary study [35] as well as a recently accepted article [36] .
DNA isolation and bisulfite treatment
Genomic DNA was isolated using an Easy Blood Genomic DNA Purification Kit (GeneMark) according to the manufacturer instructions. Genomic DNA (500 ng) from lymphocytes was converted with sodium bisulfite and the EZ DNA Methylation Kit (Zymo Research)
Introduction
Several studies have mentioned that the brainderived neurotropic factor (BDNF) could be a molecular candidate for the development of bipolar disorder [1] [2] [3] [4] [5] [6] [7] [8] . Previous studies had provided information on the relationship between serum BDNF protein levels and bipolar disorder [9] [10] [11] [12] . In addition, the relationship between BDNF polymorphisms and bipolar disorder had also been discussed [4, 12] .
Recent studies have discussed epigenetic regulations in the human brain and peripheral blood [13] [14] [15] [16] [17] [18] [19] [20] . Some of earlier studies focused on the epigenetic alterations of BDNF and its tropomyosin-related kinase B (TrkB) receptor promoters [15, 16, [18] [19] [20] [21] , particularly in DNA methylation, which had been shown to be affected by aging and gender [22, 23] .
Epigenetic mechanisms have been applied to animal models of depression at the BDNF promoter [24] [25] [26] , particularly in exon I, exon IV, and exon IX. However, no data exist on the DNA methylation of the BDNF promoter for an animal model of bipolar mania. Previous studies have reported methylation of the BDNF promoter in exon I and IV in the peripheral blood of patients with severe mental disorders, including schizophrenia [27, 28] , bipolar mania [27] [28] [29] , and major depression [18] [19] [20] 30] .
More specifically, D' Addario, et al. reported data on DNA methylation of the BDNF exon I promoter in the peripheral blood of patients with bipolar mania [29] . They observed a significant BDNF gene expression down regulation in bipolar II, but not in bipolar I patients compared with controls, and a consistent hypermethylation of the BDNF promoter region in bipolar II patients. Roth et al. observed the lasting epigenetic influence of early life adversity on the BDNF gene in an animal model, including the exon IV and exon IX promoter. However, data on CpG sites near rs6265 (also known as G196A or Val66Met polymorphisms) in the BDNF region in peripheral blood have not been reported, particularly in BDNF exon IX (coding exon) [31] .
Taken together, in this study, we simultaneously detected the associations in DNA methylation of the BDNF promoter exon IX, and BDNF protein and mRNA levels in peripheral blood between patients with bipolar mania and healthy controls.
Research
Associations between DNA methylation of Promoter Exon IX, Serum Protein and mRNA levels of Brainderived Neurotrophic factor in Patients with Bipolar Mania [37, 38] . The concentration of sodium-bisulfatetreated DNA was measured using an ND-1000 spectrophotometer (NanoDrop Technologies), and 20 ng of treated DNA was used in a regionspecific PCR.
Pyrosequencing analysis
Pyrosequencing analysis was conducted for 14 CpG sites near rs6265 in the BDNF exon IX, using a PyroMark Q24 System (Biotage, Sweden) [31, 39] . Subsequent quantification of the methylation density of the 14 CpG sites was performed using PyroMark Q24 software.
Serum BDNF protein levels
Serum BDNF protein levels were measured using a commercially available ELISA kit of the sandwich type (BDNF Emax Immunoassay System; Promega; USA). Each system contained anti-BDNF mAb, BDNF standard, antihuman BDNF pAb, Block&Sample 5X buffer, anti-IgY HRP, TMB solution, peroxidase substrate, and protocol. All samples were assayed and duplicated by the senior technologist. Research Dr. Tiao-Lai Huang mRNA isolation and reverse transcription polymerase chain reaction Peripheral blood was collected using a PAXgene Blood RNA Tube (Qiagen) and extracted using a PAXgene Blood RNA Kit. The total RNA (1 microg) was reverse-transcribed into cDNA by using a High Capacity cDNA Reverse Transcription Kit (Applied Biosystems). The PCR of BDNF and beta-actin gene expression (with primer pairs ordered from Promega Biosciences) were conducted using SYBR Green (Applied Biosystems), using 5 microL of cDNA in a 20-microL final volume and 0.5 microM of each primer (final concentration). BDNF mRNA primers are Forward 5'-AAG AAG CAA ACA TCC GAG G -3' and Reverse 5'-AAG GCA CTT GAC TAC TGA G -3'. Quantitative PCR was performed using a 7500 Fast Real-Time PCR System (Applied Biosystems) for 40 cycles at 95°C for 5 seconds, at a specific annealing temperature of 60°C for 5 seconds and 72°C for 12 seconds. Amplification specificity was investigated using the melting curve following the manufacturer instructions. The results were analyzed using 7500 Fast Real-Time PCR System Software v1.4.1 (Applied Biosystems). Gene expression levels were expressed as the concentration ratios between PCR products and beta-actin in the same sample.
Data analysis
All results were presented as mean ± standard deviation. The statistical differences of BDNF protein levels, mRNA levels, and degrees of methylation of patients with bipolar mania and the healthy controls were determined through t tests or an analysis of covariance (ANCOVA) adjusted for age and gender. Pearson's correlation was performed between DNA methylation at different CpG sites and disease severity (YMRS score), serum protein, and mRNA levels. A p value less than .05 was considered to be statistically significant.
Results
During study periods, 39 patients with bipolar mania and 39 healthy controls were recruited. Table 1 shows the demographic data as well as serum BDNF protein and mRNA levels at baseline of all participants. Among the 39 patients with bipolar mania, 34 agreed to be reevaluated after 4 weeks of medical treatment. Table 2 shows the demographic data as well as serum BDNF protein and BDNF mRNA levels at baseline and at endpoint after a 4-week treatment in patients with bipolar mania. Some of the data on BDNF protein and mRNA levels of some patients had previously been published in a preliminary study [35] as well as a recently accepted article [36] .
BDNF promoter exon IX gene methylation sequential analysis
The BDNF promoter exon IX gene methylation sequential analysis was completed for the 39 patients with bipolar mania and 39 healthy controls at baseline. Figure 2 shows the methylation density of investigated CpG sites between patients with bipolar mania and healthy controls at baseline. Using t-test, patients with bipolar mania had higher degrees of methylation at CpG sites 177 (t = 2.782, p = .007) and 217 (t = 2.274, p = .026), and a lower degree of methylation at CpG sites 345 (t = -2.660, p = .010), 362 (t = -3.142, p = .002), and 391 (t = -2.747, p = .008), than did the healthy controls. Using ANCOVA adjusted for age and gender, statistical significance remained at CpG sites 217 (p < .001) and 391 (p = 0.013).
Pearson's correlation found no statistically significant association between YMRS score and degrees of methylation at studied CpG sites. Serum BDNF protein level correlated significantly with the degree of methylation at CpG site 348 (r=.290, p = .010), but not with other CpG sites. BDNF mRNA level correlated significantly with degree of methylation at CpG sites 134 (r=-.319, p = .004), 177 (r=-.490, p < .001) and 217 (r=-.460, p < .001).
After four weeks of medical treatment, using paired t test, degrees of methylation of fourteen studied CpG sites did not change significantly in the 34 patients with bipolar mania (Figure 3) . Using paired t-test, YMRS scores decreased significantly after treatment (p < 0.001). At baseline, YMRS score did not correlate with the degree of methylation of the studied CpG sites in the blood of the 34 patients with bipolar mania. After treatment, YMRS score significantly correlated with the degree of methylation at CpG site 391 (r = -0.441, p = 0.009), but not with the others.
Serum BDNF protein level
Using t test, at baseline, patients with bipolar mania had lower BDNF protein levels than did the healthy controls (t = 5.685, p < .001). Using ANCOVA adjusted for age and gender,
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Associations between DNA methylation of Promoter Exon IX, Serum Protein and mRNA levels of Brainderived Neurotrophic factor in Patients with Bipolar Mania 4.9 ± 3.6 6.9 ± 5.0 1.0 ± 0.6 1.4 ± 1.9 37.5 ± 9.3 6.7 ± 9.9
The values are presented as mean ± standard deviation. BDNF: brain-derived neurotrophic factor; YMRS: Young Mania Rating Scale. Using paired t test, after four weeks of medical treatment, serum BDNF protein levels showed no significant change (t = 1.374, p = .179).
Blood BDNF mRNA
Using t test, at baseline, patients with bipolar mania had lower BDNF mRNA levels than did the healthy controls (t = -4.100, p < .001). Using ANCOVA adjusted for age and gender, the statistical significance persisted (F = 7.561, p = .008).
Using paired t test, after four weeks of medical treatment, serum BDNF protein levels showed no significant change (t = 1.252, p = .219).
Discussion
The first major finding of this study is that patients with bipolar mania had a higher degree of methylation at CpG site 217 (p < .001) and lower degree of methylation at CpG site 391 (p = 0.13) than did the healthy controls in BDNF exon IX, though no difference was detected at CpG site 140 (also known as G196A, Val66Met, or rs6265 polymorphisms). While the methylation of BDNF gene had been studied in the past, data on exon IX was relatively scarce.
In the postmortem frontal cortex of 35 patients with schizophrenia and 35 patients with bipolar disorder, Val homozygotes of rs6265 had significantly higher DNA methylation across the exonic region profiled with pyrosequencing [13] . We did not perform genotyping so a comparison could not be made. In the postmortem frontal cortex of ten patients with bipolar disorder, global DNA hypermethylation and BDNF CpG hypermethylation were found, though the paper did not specify the exons investigated [40] . A study investigating BDNF exon I found higher degree of methylation of BDNF and lower mRNA level in the blood of patients with bipolar II diorder, but not patients with bipolar I disorder [29] . That study also found that patients treated with both mood stabilizers and antidepressants had higher methylation levels than the patients treated with mood stabilizers alone, and that treatment with lithium or valproate was associated with significant reduction of methylation compared to other drugs. In our study we found no significant change in the degrees of methylation at 14 CpG sites of exon IX after four weeks of lithium and valproate treatment. This discrepancy could be caused by the difference in studied exons. In a study investigating methylation difference of BDNF promoters III and V in the leukocytes Black: patients at baseline; Grey: patients at endpoint, *: p < 0.05
Research Dr. Tiao-Lai Huang of 50 patients of bipolar I disorder and 50 age and sex matched controls, five CpG sites (one in III and five in V) out of 36 CpG sites showed significantly higher methylation levels [41] . In another study investigating BDNF exon I in the peripheral blood, higher methylation was found in patients with major depressive disorder than in either bipolar disorder or control group, and higher methylation was associated with antidepressant treatment [42] . In a follow-up of D'Addario et al's work focusing on BDNF exon I in peripheral blood samples, higher methylation was found again in patients with bipolar II diosrder as compared to patients with bipolar I disorder or major depressive disorder, and higher methylation levels was found in patients with depressed state as compared to patients with manic or mixed state [43] . That study continued to find that treatment with lithium or valproate was associated with lower methylation levels in BDNF exon I. Overall, the investigated regions of BDNF methylation could vary widely between the studies, making direct comparisons challenging, not to mention the methodological and analytical differences [44] . Nevertheless, the various findings could help a better understanding of underlying mechanism of bipolar disorder.
We also found that serum BDNF protein level correlated significantly with the degree of methylation at CpG site 348, and that BDNF mRNA level correlated significantly with degree of methylation at CpG sites 134, 177, and 217. After four weeks of medical treatment, YMRS score significantly correlated with the degree of methylation at CpG site 391 (r = -0.441, p = 0.009). Whether the degrees of methylation of those CpG sites could be used to infer the levels of BDNF protein and mRNA levels or predict the treatment response will require a larger sample size to verify.
In addition, our data simultaneously showed that patients with bipolar mania exhibited lower BDNF protein and mRNA levels than did the healthy controls, which is compatible with certain reports [10, 34, 37, 38] , but not with others [45, 46] .
There are several limitations to this study. The sample size was relatively small. The investigated region of BDNF was limited. No genotyping was performed. The treatment period was only four weeks. The combined use of mood stabilizer and antipsychotics for managing bipolar mania could also have an effect on the DNA methylation.
Conclusion
These results indicated that the degree of BDNF promoter exon IX gene methylation in peripheral blood might be involved in the psychopathology bipolar mania and its treatment response. However, a large sample is required to verify those results.
